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(b) All the claims are believed to be directed to a single invention. If the 
Office determines that all the claims presented are not obviously directed to a single 
invention, then Applicants will make an election without traverse as a prerequisite to the 
grant of special status. 

(c) Pre-examination searches were made of U.S. issued patents, including 
a classification search and a key word search. The classification search was conducted on or 
around November 5, 2004 covering Class 709 (subclasses 201, 203, 213, and 214) and Class 
711 (subclasses 148 and 170), by a professional search firm, Lacasse & Associates, LLC. 
The key word search was performed on the USPTO full-text database including published 
U.S. patent applications. The inventors further provided two references considered most 
closely related to the subject matter of the present application (see references #8-9 below), 
which were cited in the Information Disclosure Statements filed on September 5, 2003. 

(d) The following references, copies of which are attached herewith, are 
deemed most closely related to the subject matter encompassed by the claims: 

(1) U.S. Patent No. 6,606,690 B2; 

(2) U.S. Patent Publication No. 2002/0078174 Al 

(3) U.S. Patent Publication No. 2002/0156984 Al 

(4) U.S. Patent Publication No. 2003/01 1 0263 Al 

(5) U.S. Patent Publication No. 2003/0236884 Al 

(6) U.S. Patent Publication No. 2004/01 93827 Al 

(7) U.S. Patent Publication No. 2004/01 94061 Al 

(8) Japanese Patent Publication No. JP 10-333950; and 

(9) Evaluator Group, Inc., "Virtualization of Disk Storage," The 
Evaluator Series, WP-0007-1, September 2000, at pp. ii, 1-12. 

(e) Set forth below is a detailed discussion of references which points out 
with particularity how the claimed subject matter is distinguishable over the references. 
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A. Claimed Embodiments of the Present Invention 

The claimed embodiments relate to a system including a management server 
which manages storage areas of storage apparatuses as virtual storage areas. 

Independent claim 1 recites a management server connected to a plurality of 
servers to manage storage areas included in storage apparatuses as virtual storage areas. The 
storage apparatuses are shared by the plurality of servers. The storage apparatuses include 
assignment areas which are storage areas assigned to at least one of the plurality of servers. 
The management server is responsive to an area assignment instruction of storage areas 
exceeding unassigned areas received from one of the plurality of servers to release at least 
part of the assignment areas of other servers as unassigned areas and assign the areas to one 
of the plurality of servers. 

Independent claim 7 recites a storage apparatus system comprising a storage 
apparatuses; and a management server connected to a plurality of servers and the storage 
apparatuses. The management server manages storage areas of the storage apparatuses as 
virtual storage areas. The storage apparatuses are shared by the plurality of servers. The 
storage apparatuses include assignment areas which are storage areas assigned to at least one 
of the plurality of servers. The management serve is responsive to an area assignment 
instruction of storage areas exceeding unassigned areas received from one of the plurality of 
servers to release at least one of assignment areas of other servers as unassigned area and 
assign the areas to one of the plurality of servers. 

Independent claim 13 recites a computer program product for a management 
server which manages storage areas included in storage apparatuses as virtual storage areas. 
The management server is connected to a plurality of servers. The storage apparatuses are 
shared by the plurality of servers through the management server and include assignment 
areas which are storage areas assigned to at least one of the plurality of servers. The 
computer program product comprises code for being responsive to an area assignment 
instruction of storage areas exceeding unassigned areas received from one of the plurality of 
servers to release at least part of assignment areas of other servers as unassigned areas and 
assign the area to one of the plurality of servers; and a computer readable storage medium for 
storing the code. 
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One of the benefits that may be derived is that even when the unassigned area 
is insufficient, the storage area can be assigned to the server issuing the assignment request 
without waiting until the storage capacity is increased by increase of a new storage apparatus 
in the SAN or the like. Further, even when the assignment request of the storage areas 
exceeding the unassigned areas is issued by the server, the storage areas can be assigned to 
the server to thereby utilize the storage area in the storage pool efficiently. 

B. Discussion of the References 

None of the following references disclose a management server that is 
responsive to an area assignment instruction of storage areas exceeding unassigned areas 
received from one of the plurality of servers to release at least part of the assignment areas of 
other servers as unassigned areas and assign the areas to one of the plurality of servers. 

1. U.S. Patent No. 6,606.690 B2 

This reference discloses a system and method for accessing a storage area 
network as network attached storage. Discussed are SAN servers 302 that communicate with 
NAS servers 304 using a protocol containing commands that the NAS servers 304 
understand. The commands can direct the NAS servers 304 to allocate and deallocate shared 
storage 110, 112, 114 from the SAN 120 to and from the second network 116. SAN storage 
manager 404 located in SAN server 302 communicates with NAS server 304 through second 
network interface 402 to allocate and deallocate storage from NAS server 304. SAN storage 
manager 404 can send allocation and deallocation directives, and status directives, to NAS 
server 304. See Figs. 3B and 4; column 5, lines 26-30; column 6, lines 59-62; and column 
17, lines 53-57. 

2. U.S. Patent Publication No. 2002/0078174 Al 

This reference discloses a method and an apparatus for automatically adapting 
a node in a network. Discussed is a storage management subsystem 2070 that monitors 
cluster storage usage, supports content rating and pruning, and notifies the content 
management servers (CMS) 570 of the storage usage of each content provider. Pruning 
includes freeing the storage used by some blocks or files for use by other blocks or files 
based on specific usage patterns. The storage management subsystem 2070 includes a 
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storage management agent that monitors the total local storage availability and the storage 
availability of a content provider, schedules content pruning, and reports storage usage 
information and shortage warnings to CMS 570. See Figs. 5 and 20; and paragraphs [0121], 
[0175], and [0186]. Applicants note that there are 23 known family members for this U.S. 
Patent application. 

3. U.S. Patent Publication No. 2002/0156984 Al 

This reference contains the same disclosure as reference #1. 

4. U.S. Patent Publication No. 2003/0110263 Al: 

This reference discloses a managing storage resources attached to a data 
network. Discussed is a system for dynamically managing and allocating storage resources 
141-143 to application servers 121-123 connected to a data network 100. A managing server 
150 identifies all the physical storage resources 141-143 that are connected to network 100 
and collects them into a virtual storage pool 160, which is implemented by a plurality of 
segments that are distributed, using predetermined criteria that are dynamically processed and 
evaluated, among the physical storage resources, such that the distribution is transparent to 
each application. Server 150 can re-allocate virtual storage resources to each application 
according to its actual needs and the level of usage. See Fig. 1; and paragraphs [0041] and 
[0042]. 

5. U.S. Patent Publication No. 2003/0236884 Al 

This reference discloses a computer system and a method for storage area 
allocation. Discussed is a device allocation program on a host 1 1 that sends a request to a 
storage management server 13. The storage management server 13 compares the storage 
configurations of the SAN and NAS systems with the presented requirements for the file 
system area, selects a storage area 12 which best meets the requirements, reconfigures the 
storage and returns the information about the position of the allocated area to the host 1 1 . 
See Fig. 1 and paragraph [0100]. 
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6. U.S. Patent Publication No. 2004/0193827 Al 

This reference discloses a computer system for managing performances of 
storage apparatus. In a computer system with a DBMS running thereon, management of the 
performance of a storage apparatus is executed by using a performance indicator provided by 
a user job so as to simplify the management of the performance. For this reason, a 
management server employed in the computer system monitors an operating state of each 
system element, a response time onto a job and other information. Pre-given information on 
a process such as a performance requirement the collected monitored information are used by 
the management server in issuing a command to change allocation of a processing amount to 
a port, an allocation of a cache area for data, the logical configuration of disc drives and other 
parameters in order to carry out the new process or in the case where a result of a judgment 
based on the monitored information indicates that tuning is necessary. In the case of a 
process for a batch job, a method for estimating a processing time is given to the management 
server, which issues a setting modification command based on an estimated processing time. 
In the case of a process for an on-line job, on the other hand, a command to modify settings 
of a member bearing a heavy load is issued in the case where a response time on a process 
and/or a throughput do not meet their performance requirement. 

7. U.S. Patent Publication No. 2004/0194061 Al; 

This reference discloses a method for allocating programs. Disclosed is 
monitoring that is performed with regard to the performance and capacity of a server 
executing various business application programs (APs), the performance and capacity of a 
storage device, or a cluster made up of a plurality of servers. A business service is provided 
by reallocating the business AP in accordance with these monitoring results. If the load for a 
particular server has increased, then reallocation can be performed unnecessarily for that 
business AP. A space scheduler 44 of a private domain management server 1 1 determines 
surplus resources. See Fig. 36; and paragraphs [0005], [0006], and [0197]. 

8. Japanese Patent Publication No. JP 10-333950 

This reference discloses a free file space preparation system to secure a free 
file space and to continue a file preparation processing and a file extension processing by 



Page 6 of 7 



Appl. No. 10/656,096 PATENT 
Petition to Make Special 

releasing an unused file space in the case of lacking the free file space on an auxiliary storage 
device at the time of file preparation and file extension. An unused file space release means 
105 receives an unused file space release request from a file space securing means 104, finds 
a file for which the size of logic data 109 is smaller than the size of the file space 108 while 
retrieving file management information 107 on the auxiliary storage device 106 and releases 
the unused file space 1 10 of the difference of the file space 108 and the logic data 109 of the 
file. When the unused file space 1 10 is released and the free file space is prepared in the 
auxiliary storage device 106, control is returned to the file space securing means 104. 

9. Evaluator Group, Inc., "Virtualization of Disk Storage," The Evaluator Series, 
WP-0007-1, September 2000, at pp. ii, 1-12. 

This reference discloses the virtualization technique for disk storage. 
According to the virtualization technique, a management server connected to storage 
apparatuses and servers using the storage apparatuses manages storage areas of the storage 
apparatuses connected to the SAN as virtual storage areas (storage pool) collectively and 
receives requests from the servers to the storage apparatuses. The management server 
accesses to the storage areas of the storage apparatuses connected thereunder in response to 
the requests from the servers and returns its results to the servers. 

(f) In view of this petition, the Examiner is respectfully requested to issue 
a first Office Action at an early date. 

Respectfully submitted, 

Chun-Pok Leung 
Reg. No. 41,405 

TOWNSEND and TOWNS END and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 415-576-0300 

Attachments 

RL:rl 
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(54) FREE RLE SPACE PREPARATION SYSTEM 
(57)Abstract; 

PROBLEM TO BE SOLVED: To secure a free file space and to 
continue a file preparation processing and a file extension 
processing by releasing an unused file space in the case of lacking 
the free file space on an auxiliary storage device at the time of file 
preparation and file extension. 

SOLUTION: An unused file space release means 105 receives an 
unused file space release request from a file space securing means 
104, finds a file for which the size of logic data 109 is smaller than 
the size of the file space 108 while retrieving file management 
information 107 on the auxiliary storage device 106 and releases the 
unused file space 110 of the difference of the file space 108 and the 
logic data 109 of the file. When the unused file space 1 10 is 
released and the free file space is prepared in the auxiliary storage 
device 106, control is returned to the file space securing means 
104. 
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Introduction 

Virtualization of disk storage has been in the spotlight recently due primarily to the 
development of Storage Area Networks. Vendor announcements and papers, as 
well as press coverage, have described virtualization and characteristics in various 
ways. The importance and emphasis is well founded given the benefits being 
promised with the various solutions. However virtualization of disk storage is not 
new. There have been prior solutions that have provided characteristics that would 
have to be described as storage virtualization. The most successful of these were 
the two virtualized disk storage subsystems developed by StprageTek and sold by 
both StorageTek and IBM and Hewlett-Packard with the AutoRaid storage system. 
Virtualization of disk storage has been an evolutionary process in what vendors 
have been providing.: An enterprise-wide storage virtualization will be revolutionary 
by changing the fundamental rules of how we manage storage. 

There has been great latitude taken in the description of what virtualization of disk 
storage is and the characteristics it embodies. This paper will explain what 
virtualization of disk storage is from a general sense without the specific product 
differentiated features accentuated by some vendors. 

The term virtualization when it pertains to disk storage is an abstraction of storage 
where the representation of a storage unit to the operating system and applications 
on a server is divorced from- the actual physical storage where the information may 
be contained. This implies there is some method for providing the translation 
between the logical and physical. Where and how this is done is the big difference 
between solutions being provided (or proposed) by vendors. The abstraction, or 
virtualization, enables many new benefits and capabilities that have been 
highlighted as part of the benefits with Storage Area Networks. Enabling the ability 
to deal with storage in abstraction where the details of configuration, device specific 
features and characteristics are transparent to the server software allows use of 
differing types of storage, commonality of management tools, and exploitation of a 
common set of features. 

An analogy for the virtualization of disk storage that is illustrative for those that 
remember or have studied the evolution of computer systems is when the transition 
was made from real memory to virtual memory in processors. Prior to the 
implementation of virtual address translation, application programs had to manage 
their memory space. If a program was going to use more memory than available, 
mechanisms such as overlays had to be used. With virtual memory, the issues for 
programming changed dramatically and enabled new capabilities for execution of 
programs. The change to virtualization of disk storage has the potential to be as 
dramatic in the management of disk storage. 
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The Benefits of Implementing Visualization 

• Virtualizing disk storage has many obvious benefits that have been extolled and 
probably a significant number that have yet to be, exploited. Understanding, the 
issues for disk storage and how virtualization provides improvements is one way to 
put perspective and understanding into these benefits. 

Challenges for IT today with disk storage 

The growth of data storage has to be the most obvious and pressing problem facing 
IT organizations. ^ The growth being, experienced is unprecedented and has led to a 
multitude of specific issues. Obvious problems are the costs associated with the 
physical purchase of more storage, the physical space and environmental costs, 
and the operational time to bring storage into service. The longer-term challenge is 
the, added administration cost for that storage. With the continued growth, this 
becomes a compounding problem. 

This growth of storage exacerbates another severe problem: the availability of 
people with the skills to manage storage. With a given set of tools, a storage 
administrator can manage a specific amount of storage. This means that with 
storage growth, more administrators will be required. » This cost is quantifiable but 
may be moot if there are not enough skilled people to get the job done. 

Significant changes in technology as represented in products and infrastructure 
have occurred over a short period of time and the speed with which these changes 
are occurring is accelerating. IT organizations struggle to understand and evaluate 
these new technologies and products. Usually, they do not have the staff to evaluate 
and form a strategy for deployment of new technology and increasingly are looking 
to independent organizations to provide information. 

The power of information is becoming more visible to executives who see IT 
organizations as a corporate competitive advantage. This brings a spotlight to IT 
and. a demand on implementing new technologies to remain or increase 
competitiveness. Making the "correct" strategic decision is critical to companies 
and to careers. 

The increased competitiveness and the amount of information have led to very 
complex operational environments. There is more demand for "data integration" 
where information from multiple sources and systems, in differing formats, can be 
correlated and presented in a unified, informative manner. This expectation is today 
and is immediate. Achieving it requires significant planning and work. 
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All these challenges result in a bottom line issue of cost. They represent significant, 
costs in the administration of storage systems and in the infrastructure 
implementation to be able to meet increased demands. 

Virtualization benefits for these challenges 

Accommodating the growth of storage requires that storage can be non-disruptively 
added and data can be migrated as necessary without operational impact. This 
means that the storage infrastructure has to be capable of allowing that and the 
operating system and applications on servers can transparently handle the addition 
of storage. Storage Area ■ Networks promise the infrastructure for this but it is the 
virtualization or abstraction of storage hat allows it to be transparent and non- 
disruptive. By dealing with devices from a virtual standpoint, the systems and 
applications: can be shielded from the physical changes that occur to add the/ 
storage. The movement of data to balances workloads can be done oblivious to 
normal operations. Virtualization iallows policy-based management of storage to be 
implemented in a practical manner. 

Virtualization allows the management tools to be consistent across varying devices. 
This means that storage administrators would have to learn only one set of tools to 
manage storage and that purchasing decisions would be based on costs, reliability, 
etc. at the planned time of need rather than a decision for a predetermined vendor 
set done at an earlier time and driven by operational impact required to change. By 
utilizing a common set of tools, the training would be more focused and require less 
time and less opportunity for mistakes over a set that is different depending on the 
different devices: The net result would be that one person could administer a 
significantly greater amount of storage. An historical example exists with the 
mainframe operating system OS/390 where a consistent set of tools has been used, 
for some time to administer storage at the system level. In that very complex 
environment, storage administrators can typically administer greater amounts than 
in an environment with multiple servers, operating systems and device types. Being 
able to administer more storage and to be more quickly trained cn a specific, 
common set of management tools helps address the availability problem of people 
skilled in storage administration. The amount of additional storage that can be 
administered has not been quantified but different vendors are quoting amounts 
based on implementations of system-wide virtualization in a Storage Area Network 
that range from 4 to 40 times the amount of storage based on the types of solutions. 
These multipliers; when used against the actual costs of administration, provide the 
basis for tremendous business value to customers. Indeed, the vendors that have 
realized this have compelling sales arguments for their solutions. 

. Dealing with disk storage as a virtualized entity allows for new technology in the 
form of infrastructure or devices to be introduced without affecting the basic 
operation of the applications and systems as long as the virtualization method has 
not been changed. This greatly reduces the risk of deploying new technologies and 
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provides the vehicle to realize the savings or advantages that the new technology 
should deliver. A disruptive technology where the basic operation must change 
would face significant business resistance to implementation. In that vein, 
traditional IT shops typically introduce infrastructure changes on a very infrequent 
basis. Depending on the type of environment, that change cycle could range from 
five to ten years because of the disruption, cost, and risks. With visualization, a new 
approach could be taken to accommodate valuable new technologies. 

Defining an abstraction layer for disk storage/which is the definition of visualization 
in this case, presents a stratification of the complexity. The visibility of : the 
complexity of the storage attached should be masked from the systems and from 
the day-to-day administration tasks. 




Where Virtualization Should Be Done |i Wi 

There are several choices for implementing virtualization and vendors have 
implemented a variety of solutions. Understanding the possible implementations 
and what is involved in doing and using the implementation should lead to a clear 
choice of where virtualization should be done. As virtualization has evolved so have 
the expectations. 

Possible implementations of virtualization 

Individual devices can be virtualized within the disk system. This allows for self- 
contained virtualization where the logical device images presented to the interfaces 
(and therefore the systems attached) are mapped to physical devices in the storage 
system itself. The mapping can be done algorithmically or through a set Of tables 
Advanced functionality can be exploited in the storage system by special purpose 
software on all attached systems. The exploitation cart be the dynamic creation and 
deletion of logical device images, point-in-time copies, and movement of data for 
balancing of performance / capacity. The exploitation software would be specific to 
that device and the administration would also be device specific. 

A layer in the program stack could provide a virtualization of the physical devices 
attached to a server. The layer would be software to map the physical devices to an 
administrator specified set of logical devices.. The mapping software would execute 
with each access to resolve location and be under total control of the administrator 
This solution would result in a virtualization of storage for that particular server. 
Other servers could have the same layer in their program stacks. Unless specific 
software is installed on all attached servers and controlled by an administrator, the 
virtualization would not have a presentation of commonality across different 
systems. If the software to control virtualization were installed on all systems, it 
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would have to share information (under control of an administrator) and maintain 
coherency and consistency across the potentially dissimilar systems to be 
functional. Figure 1 is a graphical representation of one type of a distributed storage 
solution. ".. 



Server 1 



Server 2 




i^SharingipfHft 
1 * File System^; 
. Metadata - : ' 



Distributed SAN 
Management 
Solution 



Figure 1 : A distributed SAN management solution 

Another approach is to use a device 'in line' for all accesses to storage that 
provides the abstraction of storage (as well as potentially other advanced functions). 
This would require that all systems route I/O access through this device (genericaliy 
termed a SAN Storage Manager and called a symmetrical SAN solution) to have 
access to data. The SAN Storage Manager would handle the mapping of the 
logical representation of disk storage that it presents to attached systems to the 
physical devices attached to it. This eliminates the coherency and complexity 
issues by having a single entity control. With appropriate failover mechanisms, this 
provides the benefits of virilization at the expense of another intelligent device in 
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Figure 2: SAN Storage Manager 
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Yet another approach is a solution to provide the virtualization from a central control 
point but still allow I/O to be done directly to devices is another approach. In this 
case, cooperative software in the servers is used to obtain the information about the 
logical devices they will have access to and this central control (generically termed a 
"metadata server" and called an asymmetrical SAN: solution) provides the 
information. The metadata server performs the mapping- to provide the virtualization 
functions as well as the storage management tasks. In this case a common, 
centralized abstraction of storage is done with indiyidual, systems having an 
installed capability to obtain the logical device rather than accessing it directly from 
the physical device. Figure 3 is a graphical representation of a Metadata Server 

Solution, . ' /, . K 




Figure 3: Metadata Server Solution 
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Challenges to implement visualization 

Implementing virtualization is a complex, softward-intensive task. Assuring data 
integrity in the case where data has been moved or "redistributed" is critically 
important. 'Security of the access to data must also be maintained. Complexities 
also arise in the handling of error situations such as hardware failures. 

An implementation that is done within a storage subsystem faces added 
complexities in that typically the code is executed on an embedded microprocessor 
with a special purpose operating system kernel of some type. The productivity for 
code development is much less and the testing characteristics more involved than 
development on a standard server and operating system. Add to that the extra 
hardware monitoring and control and the intricate error recovery, the development 
and successive enhancement of virtualization inside an individual storage system 
becomes a daunting challenge, with minimal exploitation capability. 

Implementing virtualization as part of the program stack within a server represents a 
controlled environment requiring an intimate knowledge of the specific operating 
system and other components such as the file system. This activity is bounded 
within that server unless a distributed communication software element is added to 
cooperate among all servers attached to the target storage. Given that different 
systems (and varying levels of administration) may be involved, the potential for 
errors that may compromise integrity are much greater and require extensive testing 
and a very "controlled" administration. 

Routing all disk storage I/O through a device such as a SAN Storage Manager or 
symmetric solution is effectively operating as a "high-function" disk controller. If the 
SAN Storage Manager is using a standard server platform and operating system, 
the development effort is less than a normal disk subsystem but is still faced with the 
complicated error recovery scenarios. If there is added capability to offset the 
additional overhead in the data path, this adds to the implementation challenge to 
achieve virtualization. 

Using a central control point, the metadata server or asymmetric solution, to provide 
the virtualization while not being in the data path provides a well-bounded 
implementation challenge. Error recovery is limited here because server operating 
systems and the disk systems would handle errors the same as if there were no 
virtualization. The requirement for fault tolerant operation of the metadata server is 
still there but would probably be standard cluster operation. The one additional 
element is the indirection installed on each server to obtain the virtualized 
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information about the logical devices. This would be isolated to each server but 
requires complete recovery, integrity, and security attention when implementing. 
The metadata server approach is also referred to as an asymmetric storage 
approach. 

Complexity with multiple virtualization solutions 

The different types of implementation for virtualization have been discussed as if 
each is independently deployed. There may be attempts to utilize more than one 
solution in the same environment. Doing this has several ramifications that need to 
be considered. The| overall; complexity factor (the complexity, of the different 
implementations) is not additive but is multiplied. The mapping of data to achieve 
virtualization becomes ... extremely complex when, considering error, recovery. 
Additionally it may become, counter productive in the sense that the virtualization 
being performed by one solution may distribute data to provide an equal pattern of 
access among multiple devices. .When cascaded with another solution that. would 
be attempting the same technique it may have the exact opposite effect - artificial 
hot spots may be introduced thus having an adverse effect on overall performance. 
Utilizing multiple virtualization solutions may also have the effect of introducing an 
unacceptable amount of overhead due to the handling of multiple indirections. 

The best approach to implementing virtualization 

It should be obvious that a virtualization solution that spans across systems in the 
enterprise provides the greater gains in benefits provided by virtualization. 
Individual solutions will not provide the same business value to customers that an 
enterprise-wide solution is capable of doing. The solution needs to be 
comprehensive in providing abstracted storage for all servers connected in the 
Storage Area Network. The business value seen in reduced administrative costs 
and the realization of the benefits of virtualization should be able to be 
demonstrated to reaffirm the choice for the virtualization solution. A comprehensive 
solution that virtualizes disk storage across the enterprise rather than at a specific 
subsystem has the potential for the greatest gains in reduction in administrative 
costs and enabling of enterprise-wide features. 

Deployment of Virtualization 

As stated before, there are virtualization solutions available today and more being 
delivered. The question about deployment really should be one of when does 
virtualization of disk storage become as common as that of virtual memory? The 
virtual memory example is interesting to look at now. Can server operating systems 
even be purchased with only real memory implementations? Eventually, 
virtualization of disk storage will be that common. 
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Timeframe 

Storage Area Networks are the major exploiters of virtualization. SANs are being 
deployed in increasing numbers and it is a logical next step to embrace a 
virtualization solution with a SAN to achieve the gains (value) beyond those of 
connectivity (the plumbing). By the end of 2001, half the major IT enterprises will 
have some type of SAN installed and a high percentage of those will have a 
virtualization solution. 

The successes of these early implementations are expected to have in realizing the 
benefits of virtualization wiir probably accelerate the adoption by enterprise IT 
operations. 

Choosing wisely 

Once implementing an enterprise-wide virtualization solution and achieving the 
benefits that brings, it would be very difficult to remove or every change the 
virtualization approach. Removal would require massive data movement and 
significant administrative tasks as well as giving up the advantages gained and 
introducing additional costs (and adding scarce people resources). Changing to a 
different virtualization approach is probably no less difficult in the administrative 
effort or massive data movement. 



Competing implementations and standards 

There are different approaches being offered for virtualization and more are 
promised. All the approaches fit into the types outlined earlier. An "official" 
standard for virtualization from a standards body such as ANSI or ISO is unlikely and 
certainly not within a two year timeframe. Consequently, there will probably be more 
than one solution that will succeed in the market place. For the customer, the 
choices involve evaluating the business value of the approach, the ability of the 
vendor to deliver and support the solution, the vision and roadmap of the vendor's 
capabilities with regard to bringing additional value through functionality, and the 
risks the customer is willing to take in deploying a new strategy for storage 
management. 

Futures 

Implementing virtualization of disk storage opens up many new possibilities. There 
are companies that will develop new applications that are based on disk storage 
virtualization to provide capabilities not achievable currently. 
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Other software tie-in 

Existing software products will be adapted to exploit virtualized disk storage. 
Products providing backup, HSM, remote copy, etc. will be optimized to work with 
virtual devices. Previously intrusive operations will be made transparent. 
Companies that deliver these capabilities first will achieve a competitive advantage. 

All storage management keyed to virtualization 

When a customer takes advantage of the virtualization of disk storage, savings in 
storage administrative costs will drive the usage of management tools that utilize 
and exploit virtualization. The gains will lead to storage management based entirely 
on virtualized storage. Overall benefit to the customer will dictate that only software 
capable of taking advantage of virtualized storage will be purchased for storage 
management. 

Mainframe inclusion 

It is a natural evolution for the S/390 to participate in an enterprise-wide Storage 
Area Network, to provide a consistent storage management capability including 
virtualization. S/390 customers increasingly need to administrator non-S/390 
systems. The ability to have the same set of storage management functions enables 
the S/390 storage management expertise to be applied throughout the enterprise 
and leverage DFSMS skills. This would be a compelling sales story for customers. 

Conclusions 

Virtualization of disk storage will provide such compelling benefits that it will 
inevitably be a common implementation for computer systems. The advantages for 
enterprise-wide virtualization will lead to that implementation becoming dominant 
over time! Vendors that articulate the value to customers, that can demonstrate the 
savings in administrative costs, and that can deliver will have a decided advantage. 
Customers will see productivity gains and cost containment as their storage 
systems grow to meet demand. 

Indirect results of virtualization 

The full effect of virtualization is not completely clear but some projections can be 
made based on the implementations: 

For disk storage, function will likely shift from the disk storage system to the 
SAN virtualization layer. With the abstraction of the physical disks, the 
functions/feature sets that today might differentiate one disk storage system 
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from another will be exploited by software possibly running on a specific 
purpose appliances. Storage devices may have capabilities that the 
software can use to assist in the function, but the operating systems and 
applications will have the functionality regardless. The result will be that the 
customer will have flexibility in purchasing decisions and competitive pricing. 

Storage management software will become a critical purchasing decision. 
The capability to utilize the virtualized environment in a manner that provides 
the greatest value will be the battleground for vendors. More analysis will be 
focused on these purchasing choices and more companies will be 
competing with solutions. 

With the importance of storage being recognized more clearly today, 
strategic planning for storage strategies will become a critical need for 
companies. A new discipline will evolve that will first be filled by professional 
service organizations. This discipline will become a key component in 
information technology. 

Virtualization of disk storage is the key enabler for advances in managing storage 
and accommodating growth to meet business demands. Only a complete 
enterprise-wide approach to virtualization of disk storage can provide the maximum 
benefits. Choosing the best approach and the vendor that has the best solutions will 
be a decision of critical importance for IT management. 
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